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(54) Tide: BASE STATION SYNCHRONIZATION METIHOD AND CELLULAR SYSTEM 


(57) Abstract 

The invention relates to a method for 
synchronizing base stations, and a cellu- 
lar radio system comprising in each cell at 
least a base station (204, 206) and a num- 
ber of temiinals (214, 216). The base sta- 
tions transmit a reference signal, and the 
terminals caii simultaneously commimicate 
with one or more base stations and simul- 
taneously receive the lefercncc signal from 
more than one base station. In order to eas- 
ily synchronize the base station, die termi- 
nal measures the timing difTerence between 
a reference signal transmitted by a base sta- 
tion not conununicating with the terminal 
and one or more reference signals transmit- 
ted from t>ase stations conununicating with 
the terminal. TTic terminal reports the mea- 
sured difference to the one or more base 
stations conmiunicating with the terminal. 
On the basis of the measured tiniing dif- 
ference, the one or more base stations are 
arrangeld to adjust the timing of the signals 
they have transmitted to the terminal in re- 
lation to each other. 
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1 

BASE STATION SYNCHRONIZATION METHOD AND CELLULAR SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to a method for synchronizing base 
stations in a cellular radio system which comprises in each cell at least a base 
5 station and a number of tenninals, and in which method the base station 
transmits a reference signal, and the tenninals can simultaneously communi- 
cate with one or more base stations and simultaneously receive the reference 
signal from more than one base station, and in which method the base sta- 
tions and the terminals use a TDD method for communication, and in which 
10 method the connections between the base stations and the terminals comprise 
common channels and dedicated channels, 

BACKGROUND OF THE INVENTION 

Generally speaking, base stations of cellular radio systems may be 
either synchronous or asynchronous with respect to one another, depending 

15 on the system. In other words, signals of the base stations are either synchro- 
nous or asynchronous with respect to one another. In systems which enable 
tenninals to simultaneously communicate with more than one base station, i.e. 
in which macrodiversity can be applied, it is preferable to synchronize the base 
stations with one another so as to enable the signals coming from several 

20 base stations to be easily received at the temiinal. Systems applying a CDMA 
multiple access method provide an example of systems in which it is advanta- 
geous to apply macrodiversity. 

In the CDMA method, a narrow-band data signal of a user is multi- 
plied to a relatively wide band by a spreading code having a considerably 

25 wider band than the data signal. Known test systems use bandwidths such as 
1.25 MHz, 10 MHz and 25 MHz. In connection with the multiplication, the data 
signalspreads over the entire band used. All users transmit by simultaneously 
using the same frequency band. A specific spreading code is used on each 
connection between a base station and a mobile station, and different user 

30 signals can be distinguished from one another at receivers on the basis of the 
user-specific spreading code. The aim is to select the spreading codes in such 
a way that they are orthogonal with respect to one another, i.e. do not conre- 
late with one another. 

Conrelators in conventionally implemented CDMA receivers are 

35 synchronized with the desired signal which is recognized on the basis of the 
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spreading code. At the receiver, the data signal is restored to the original band 
by multiplying it again by the same spreading code as at the transmission 
stage. In an ideal case, the signals multiplied by some other spreading code 
do not correlate and are not restored to the narrow band. From the viewpoint 
5 of the desired signal, they thus appear as noise. The aim is thus to detect the 
signal of the desired user from the group of several interfering signals. In prac- 
tice, the spreading codes correlate, and the signals of the other users make 
the detection of the desired signal difficult by distorting the received signal 
non-linearly. Such interference caused by different users to one another is 

10 called multiple-access interference. 

In CDMA systems, the base stations usually transmit a reference 
signal by means of which the temiinals recognize the transmission of the base 
station. This reference signal, or a pilot signal, is usually a data-unmodulated 
signal that is multiplied by a known spreading code. 

15 Macrodiversity is easy to implement by CDMA technique. Two base 

stations, for example, then transmit a signal to one terminal. The temninal is 
able to receive and utilize the two signals. Correspondingly, in the other 
transmission direction, more than one base station can receive the transmis- 
sion of the same temriinaL In connection with the CDMA technique, macrodi- 

20 versify is also referred to as soft handover. The terminal communicating with a 
first base station is approaching the border of a cell and gradually also starts 
receiving signals from the base station of a neighbouring cell. At the periphery 
of the cell, the temninal can simultaneously communicate with the two base 
stations, and when moving on deeper into the area of the latter base station, 

25 the terminal can gradually switch off the connection to the first base station. 
From the viewpoint of the user, handover between the base stations takes 
place unnoticed, and the signal quality remains good all the time. 

Furthermore, systems applying a technique called TDD-CDMA re- 
quire that transmissions of the base stations are synchronized with one an- 

30 other. Contrary to a FDD (Frequency Division Duplex) method in which differ- 
ent transmission directions are transmitted in their own frames at different fre- 
quencies, a TDD (Time Division Duplex) method divides a transmission frame 
in which a signal is transmitted between a transmitter and a receiver into two 
parts that are used in different transmission directions. The TDD technique is 

35 illustrated in Figure 1 presenting by way of example a feasible TDD frame. The 
frame is divided into two parts 100, 102, which are separated by a short guard 
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time 104. The first part 100 of the frame is used in transmission direction from 
base station to tennlnal, for example. The second part 102 of the frame is 
used in transmission direction from terminal to base station. Between the two 
parts is a relatively short guard time, during which no transmissions occur. The 
5 guard time is required because of a propagation delay in order that the trans- 
missions of different transmission directions would not overlap. 

In the TDD-CDMA system, the synchronization of the signals is es- 
sential in a situation in which the temiinal simultaneously communicates with 
more than one base station. If the signals coming fi^om the different base sta- 

10 tions are not synchronous with respect to one another, and different parts of 
the TDD frame therefore overlap, then interference occurs between different 
transmission directions. 

In prior art solutions, base stations are synchronized with one an- 
other mainly in two different manners. Firstly, synchronization can be achieved 

15 by allocating a common clock signal to all base stations. This requires a sepa- 
rate cabling for all base stations, which makes the synchronization expensive 
and difficult to implement. Secondly, the base stations can be provided with a 
GPS receiver which receives a clock signal transmitted by a satellite. This 
adds to the costs of the base station and is difficult to implement if the base 

20 station is located indoors. 

BRIEF DESCRIPTION OF THE INVENTION 

An object of the invention is to provide a method and a cellular radio 
system implementing the method so as to solve the above-mentioned prob- 
lems. This is achieved by the method of the type presented in the introduction. 

25 which is characterized in that the tenminal measures the timing difference of 
the reference signals it has received from the different base stations and re- 
ports it to one or more base stations, and that, on the basis of the measured 
timing difference, the one or more base stations adjust the timing of the conrv 
mon and the dedicated channels they have transmitted to the temninals. 

30 The invention also relates to a method for synchronizing base sta- 

tions in a cellular radio system which comprises in each cell at least a base 
station and a number of terminals, and which base station transmits a refer- 
ence signal, and which terminals can simultaneously communicate with one or 
more base stations and simultaneously receive the reference signal from more 

35 than one base station, and the base stations and in which method the termi- 
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nals use a TDD method for communication. The method of the invention is 
characterized in that when the terminal receives a reference signal from the 
base station not communicating with it, the terminal measures the timing dif- 
ference of the detected reference signal in relation to one or more reference 
5 signals from the base stations communicating with the terminal, and that it re- 
ports the measured difference to one or more base stations communicating 
with the terminal, and that, on the basis of the measured timing difference, the 
one or more base stations adjust the timing of the signals they have transmit- 
ted to the terminals with respect to each other. 

10 The invention also relates to a cellular radio system comprising in 

each cell at least a base station and a number of terminals, and which base 
station is arranged to transmit a reference signal, and which tenninals are ar- 
ranged to simultaneously communicate with one or more base stations by us- 
ing a TDD method and to simultaneously receive the reference signal fomn 

15 more than one base station. The system of the invention is characterized in 
that the terminal comprises means for measuring a timing difference between 
a reference signal transmitted by the base station not communicating with the 
terminal and one or more reference signals transmitted by the base stations 
communicating with the terminal, and means for reporting the measured dlf- 

20 ference to the one or more base stations communicating with the temiinal, and 
that on the basis of the measured timing difference, the one or more base sta- 
tions are an^anged to adjust the timing of the signals they have transmitted to 
the temriinal in relation to each other. 

The preferred embodiments of the invention are disclosed in the 

25 dependent claims. 

The method and system of the invention provide many advantages. 
With the help of the invention the base stations can be advantageously syn- 
chronized without additional equipments and an^ngements required in con- 
nection with soft handovers. Synchronizations can always be performed in the 

30 event of handovers, and if no handovers occur for some time, and there is a 
risk of the base stations losing the common synchronization, then one of the 
terminals can be commanded to measure the timing difference between the 
pilot signals of the base stations. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in more detail by 
means of preferred embodiments with reference to the accompanying draw- 
ings, in which 

5 Figure 1 shows the above-described example of a TDD frame, 

Figure 2 illustrates an example of a cellular radio system to which 
the invention can be applied, and 

Figure 3 shows the structure of a terminal of the system of the in- 
vention. 

10 DETAILED DESCRIPTION OF THE INVENTION 

The invention can be applied to any cellular radio system in which 
base stations transmit a pilot signal or a reference signal conresponding 
thereto. In the present description, a cellular radio system using a TDD-CDMA 
method is used as an example, but the essential features of the invention are 

15 independent of the multiple access method used. Figure 2 illustrates an ex- 
ample of a cellular radio system to which the invention can be applied. The 
figure shows two adjacent cells 200. 202 of the radio system, each cell being 
served by a cell-specific base station 204, 206. The base stations communi- 
cate with a base station controller 208 which communicates with the rest of the 

20 telephone network via a mobile services switching centre 210. 

Figure 2 also shows two subscriber terminals 214, 216. The first 
temninal 214 communicates with the first base station 204, and the second 
temiinal communicates with the second base station 206. In other words, the 
connections in this example are implemented by TDD technique in which both 

25 transmission directions are on the same fi:-equency band and by a CDMA mul- 
tiple access method in which each connection has a specific spreading code 
for use. The two cells 200, 202 use the same frequency band. Now, if the 
transmissions of the base stations are not synchronous, then the transmis- 
sions of different transmission directions at different base stations possibly 

30 overiap in time. In that case, when the first terminal 214. for example, attempts 
to receive transmission from the first base station 204. then the second temni- 
nal 216 may simultaneously transmit a signal to the second base station 206, 
and the reception of the first terminal 214 in that case fails. 

The connections between the base stations and the terminals com- 

35 prise dedicated channels and common channels. The dedicated channels are 
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connection-specific cliannels, such as a speech channel or a control channel 
associated with it, for example. The common channels transmitted by the base 
station can be received by several terminals. 

In the. system of the invention, the base stations transmit a refer- 
5 ence signal, or a pilot signal, which is in the CDMA system a data- 
unmodulated signal. In other words, in the example of Figure 2, the first and 
the second base station 204, 206 each transmits a pilot signal, and the temrii- 
nals are able to separate these signals from each other. The pilot signal can 
be received over the entire coverage area of the base station. The terminals 

10 detect the pilot signal of the base station of a neighbouring cell particularly at 
the periphery of the cells. The terminals start measuring the intensity of the 
pilot signal for the purpose of a possibly forthcoming handover. Let us assume 
that the first tenninal 214 has detected a pilot signal transmitted by the second 
base station 206, The tenninal measures the timing difference of the pilot sig- 

1 5 nals it has received from the first base station 204 and the second base station 
206 and reports the measured result to the first base station 204 communi- 
cating with the terminal. The first base station 204 reports the timing difference 
measured by the temninal 214 to the second base station 206 via the base 
station controller 208, for example. On the basis of this infomriation, the sec- 

20 ond base station 206 is able to adjust its timing to be congruent with the first 
base station 204. Altematively, the base station 204 is able to adjust its timing 
to be congruent with the base station 206. 

Base station areas generally comprise several terminals that move 
and simultaneously receive pilot signals of more than one base station and 

25 prepare or perform handover between the base stations. Adjusting synchroni- 
zation requires only small modifications to the conventional soft handover, and 
the synchronization operation of the invention thus does not interfere with the 
nomial operation of the temninal. Synchronization adjustment operation can be 
a continuous process ensuring that the clocks of the base stations do not lose 

30 the common synchronization. If no terminals perfomning handover exist at a 
given time, the base stations can command one of the terminals to perform the 
timing measurement. 

Particulariy in the TTD-CDMA systems, the base stations should be 
synchronized with an accuracy which prevents the signals from different 

35 transmission directions from overiapping more than a fraction of the length of a 
frame. If it is assumed that the length of the frame is 10 ms, for example, a 
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sufficient synchronization accuracy is within the range of 100-200 ^is. Propa- 
gation delays of radio signals can be ignored in the present description, since 
the distance of 5 km, for example, only conresponds to a propagation delay of 
17 ^is. 

5 The base station controller is able to arrange the base stations 

within its area into some kind of hierarchy according to which the base stations 
synchronize with one another. This helps the base stations to know which 
base station has to change its synchronization at a given time. 

Let us next study Figure 3 showing a feasible structure of a tenninal 

10 of the system of the invention by means of a block diagram. The terminal 
comprises an antenna 300 by means of which the received signal is applied 
via a filter 302 to radio frequency parts 304 converting the signal into an inter- 
mediate frequency. From the radio frequency parts 304 the signal is applied to 
a multiplier 306 multiplying the signal by the desired spreading code 308. 

15 From the multiplier the signal is further applied to decoding means 301 and 
further to other parts 322 of the receiver. The signal 324 to be transmitted in 
transmitting direction is applied to an encoder 312 perfomning channel encod- 
ing or a corresponding encoding, and further to a multiplier 314 multiplying the 
signal by a connection-specific spreading code 316. The multiplied signal is 

20 applied via radio frequency parts 318 and a filter 302 to the, antenna 300. The 
tenninal further comprises control means 320 controlling the operation of the 
other parts of the apparatus. The control means are preferably implemented 
by a processor and software suitable for the purpose. Figure 3 only shows the 
essential parts of the terminal. Naturally, the apparatus may also comprise 

25 other components, including filters, amplifiers, encoding means and decoding 
means, as it is obvious to those skilled in the art. Furthermore, the details of 
the structure of the apparatus may deviate from the above description, de- 
pending on the multiple access method used, for example. In the TDMA sys- 
tem, for example, the signal to be transmitted is not multiplied by a spreading 

30 code. 

In the system of the invention, the temninal can receive a pilot signal 
from more than one base station. In that case, the received signal is multiplied 
by a spreading code used by the desired base station. The pilot signal is then 
detected from the total signal received. 
35 In the system of the invention, the terminal comprises the means 

320 for measuring the timing difference between a pilot signal transmitted by 
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8 

the base station not communicating with the temrilnal and one or more refer- 
ence signals transmitted from the base stations communicating with the termi- 
nal. The terminal comprises the means 320, 312 to 318 for reporting the 
measured difference to one or more base stations communicating with the 
5 terminal. The base stations of the system are arranged to adjust their timing 
on the basis of the timing difference measurement. The operations of the in- 
vention can preferably be implemented by software in the base stations of the 
system. 

Although the invention is described above with reference to the ex- 
10 ample according to the accompanying drawings, it is obvious that the invention 
is not restricted thereto, but it can be modified in a variety of ways within the 
scope of the inventive idea disclosed in the attached claims. 
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CLAIMS 

1 . A method for synchronizing base stations in a cellular radio sys- 
tem which comprises in each cell at least a base station (204, 206) and a 
number of terminals (214, 216), and in which method the base station trans- 

5 mits a reference signal, and the terminals can simultaneously communicate 
with one or more base stations and simultaneously receive the reference sig- 
nal from more than one base station, and in which method the base stations 
and the temninals use a TDD method for communication, and in which method 
the connections between the base stations and the terminals comprise com- 

10 mon channels and dedicated channels, characterized in that the ter- 
minal measures the timing difference of the reference signals it has received 
from the different base stations and reports it to one or more base stations, 
and that, on the basis of the measured timing difference, the one or more base 
stations adjust the timing of the common and the dedicated channels they 

1 5 have transmitted to the terminals. 

2. A method for syncronizing base stations in a cellular radio system 
which comprises in each cell at least a base station (204, 206) and a number 
of terminals (214, 216), and which base station transmits a reference signal, 
and which terminals can simultaneously communicate with one or more base 

20 stations and simultaneously receive the reference signal from more than one 
base station, and in which method the base stations and the terminals use a 
TDD method for communication, characterized in that when the temii- 
nal receives a reference signal from the base station not communicating with 
it, the terminal measures the timing difference of the detected reference signal 

25 in relation to one or more reference signals from the base stations communi- 
cating with the tenminal, and that it reports the measured difference to one or 
more base stations communicating with the terminal, and that, on the basis of 
the measured timing difference, the one or more base stations adjust the tinrv 
ing of the signals they have transmitted to the terminals in relation to each 

30 other. 

3. A method as claimed in claim 2, characterized in that the 
base station not communicating with the terminal adjusts, on the basis of the 
measured timing difference, the timing of the signals it has transmitted to the 
terminal. 
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10 

4. A method as claimed in daim 1 or 2, characterized in 
that the temriinal measures the timing difference of the reference signals at the 
request of the base station. 

5. A method as claimed in daim 1 or 2. characterized in 
5 that the base stations and the temriinals use a CDMA multiple access method 

for communication, 

6. A method as claimed in claim 2, characterized in that 
one or more base stations communicating with the terminal transmit infonna- 
tion about the timing difference to the base station the timing of whose refer- 

1 0 ence signal the terminal measured. 

7. A cellular radio system comprising in each cell at least a base 
station (204, 206) and a number of temriinals (214, 216), and which base sta- 
tion is arranged to transmit a reference signal, and which terminals are ar- 
ranged to simultaneously communicate with one or more base stations by us- 

15 ing a TDD method and to simultaneously receive the reference signal fomn 
more than one base station, characterized in that the terminal com- 
prises means (320) for measuring a timing difference between a reference 
signal transmitted by the base station not communicating with the temninal and 
one or more reference signals transmitted by the base stations communicating 

20 with the temninal, and means (320, 312 to 318) for reporting the measured 
difference to the one or more base stations communicating with the terminal, 
and that, on the basis of the measured timing difference, the one or more base 
stations are anranged to adjust the timing of the signals they have transmitted 
to the terminal in relation to each other. 

25 8. A cellular radio system as claimed in daim 7, character- 

ized in that one or more base stations communicating with the terminal are 
anranged to transmit infomnation about the timing difference to the base station 
the timing of whose reference signal the temiinal measured. 

9. A cellular radio system as claimed in claim 7, character- 
30 I z e d in that the base station not communicating with the terminal is anranged 

to adjust, on the basis of the measured timing difference, the timing of the sig- 
nals it has transmitted to the terminal. 

10. A cellular radio system as claimed in daim 7, character- 
ize d in that one or more base stations are arranged to adjust, on the basis 

35 of the measured timing difference, the timing of the common and the dedi- 
cated channels they have transmitted to the temiinal in relation to each other. 
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